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INTRODUCTION 
Through the last years in the acoustical imaging area significant progress has been 
obtained. One of the important factors of ultrasonic visualization system performance is 
the primary transducer spatial resolution, its sensibility and signal-to-noise ratio. A 
common way to improve spatial resolution is to increase nominal frequency of a probe. 
But the high damping rate of acoustical waves in most metals at frequencies 2.5-5 MHz 
give here a strong limitation. One of the efficient methods to improve probe's sensibility 
and lateral resolution is a focusing. In practice when one has to solve the problem of the 
focusing for obliquely impinging beams upon an interface between two media, it is very 
important to estimate the influence of the sound waves refraction on the acoustical field 
pattern. The present study concerns the focusing beam geometry evaluation using plane 
waves and Fresnel integral approach. We have calculated, for shear wave probes, focal 
spot patterns in metals with shear wave velocity about 3000-3300 mls i.e. for steels, 
aluminum and its alloys, first medium being polymer with longitudinal wave velocities 
2400-3500 mls and different damping level, which gave the possibility to determine 
allowed variations of aforementioned factors for a good focusing. One simple way to 
decrease the aberrations and improve the focusing for the shear waves transducers is 
proposed. 
THEORY 
For the field pattern of a focused probe one may define two essential parameters: a 
focal spot lateral dimension and a focal length. The main problem for angle beam focusing 
probes remains in the aberration caused by the refraction of a focused front on the 
interface between two media. Its magnitude depends on the acoustical parameters of the 
media, especially sound waves velocities, damping rates and parameters of the probe such 
as nominal frequency, aperture, angle of ultrasonic beam incidence etc. 
Figure 1 shows the focusing probe, acoustical interface of two media separated by a 
thin layer of contact liquid and acoustical focal spot pattern presented in isobars form. 
Usually acoustical properties of these media are different. For example longitudinal wave 
speed in most materials currently used for wedge probes prism is about 2400-2700 mis, 
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Figure 1. Refraction of focused beam on the plane interface between two media. 
but shear wave speed in steel is 3180-3260 mls. This seriously damages shear waves 
focusing particularly when the angle of incidence is high. 
The sound field pattern calculation of cylindrical focused front for incidence angles 
less than the first critical angle, using the method of plane waves was performed by Frohly 
et al. [11. Wustenberg [2] reported very interesting experimental results of focal spot 
pressure distribution for the wedge focusing probe in the steel. One original solution of the 
problem was proposed by Ermolov [3], which decreases the aberrations by using very 
special shapes piezoelement, for example thoroidal one. 
In present study acoustical field calculation of a focused probe was performed for 
angles of incidence greater than the first critical one. We have used plane waves approach 
for the calculation of the sound field on the interface between two media, and applied 
Fresnel integral formulae to evaluate the field patterns in the second medium. To evaluate 
the acoustical pressure on the interface we have used the following expression 
(1) 
Q 
where P(x,y) is the acoustical pressure at the point (x,y) on the interface, Po is the 
acoustical pressure on the transducer surface, Si the path of i-sound plane wave in the solid 
angle n of probe aperture in the first medium, ki the first medium wave number, Dtl the 
refraction coefficient which was calculated using the following expression, 
(2) 
where Dt and D are respectively the refraction coefficients of the plane wave incident to 
the interface "liquid layer-solid 2" and "solidI-liquid layer", h is the liquid layer width, RIo 
R2 are the reflection coefficients of the plane waves in liquid from the two interfaces, 8 is 
the angle of refraction in the layer, k is the layer wave number. Last expression can be 
written as follows, 
(3) 
The influence of refracted wave phase in optics is usually neglected if the phase 
aberrations are less than 1t /2. Focal plane pressure distribution is almost not affected by 
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Figure 2. Phase of refracted plane wave dependence with the angle of fall. 
that. This is not so obvious for acoustics because of the relatively small aperture-to-wave 
length ratio. Figure 2 shows the calculated dependence of refracted wave phase with the 
angle of incidence on the interface polymer-steel, with a contact liquid layer of 0.1 A. 
width, polymer's longitudinal wave velocity Cll is equal to steel shear wave velocity Ct2. 
As it will be shown later, even if velocities are equal, so angles of incidence and refraction 
are also equal, focal spot pattern is slightly deformed. However for the most practical 
purposes the aberration was found acceptable. 
Finally the acoustical field in the second medium was calculated using Fresnel 
formula which is presented in form of sum, 
(4) 
~ ~ 
where <D(R.) is the directivity diagram of the interface element, R. is the radius vector 
from this element to the point with co-ordinates (ax,ay,az) in the second medium, 
summation was performed in the solid angle Q. Our aim was to investigate the conditions 
of better lateral resolution achievement for non-destructive inspection of the steel 
components. As a classification of focusing performance we may use Zf factor introduced 
by Shlengermann [5]. So we have investigated focusing probes with O,3<Z[<O,6 which are 
often used in non-destructive testing. Here we introduce an additional parameter for shear 
wedge focusing, the Cll/Ct2 ratio, where c.l is medium one longitudinal wave velocity 
and Ct2 is medium two shear wave velocity. Looking for best possible lateral resolution 
we have chosen for computation nominal frequency of the probe 5 MHz. However, using 
formulae (1)-(4), any focusing shear wave probe pattern may be evaluated. 
Theoretical focal spot maps were produced for a shear wave spherical focusing 
5 MHz probe with 20 mm piezoelement diameter and 50 mm focal length. Medium 1 was 
a polymer material with different longitudinal wave speed, medium 2 was steel with 
c.2=5900 mis, Ct2=3230 mls. Contact liquid layer was of 0.1 mm width, 0.9 glcm of 
density and C=1480 mls of sound velocity. Figure 3 shows the off-axis pressure 
distribution in the incidence plane and the focal spot section perpendicular to the axis for 
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Figure 3. Focused transducers acoustical field maps. 
the different sound velocities ratio. As it may be seen, sound field patterns are seriously 
influenced by inequality of velocities. 
Damping rates in the acoustical prism up to 0.2 mm- 1 do not seriously affect 
focusing save for the sensibility of the probe. Taking into account that most materials 
currently used for acoustical prism have damping coefficient about 0.05-0.1 mm- 1 for the 
nominal frequency, the damping rate influence on the sound field pattern was found almost 
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negligible. Focal spot dimension in the case Cn/Ct2 =1 is equal to the diameter of sound 
beam in the focal plane, calculated by using common relation for focusing probes in the 
homogeneous media 
kaDN2Fa=3,81 (5) 
where a is a probe's radius, DAis a focal spot diameter, Fa is an acoustical focal distance. 
We call here (D-D A)/D A the aberration, where D is focal spot width in the incidence 
plane. Finally we may conclude that for many practical applications the aberration due to 
refraction do not exceed 10 percent with sound velocities ratio Cn/Ct2 less than 5 percent. 
EXPERIMENTAL PROCEDURE AND RESULTS 
In order to confirm theoretical conclusions, experimental work was performed. It is 
very opportune to use for this aim the common immersion modeling. It permits us to vary 
continuously the velocities ratio and make fast changes of probe's set-up. Common liquids 
have sound velocities in the range 1100-1900 mis, so metals can not be used for this 
model. But around the polymers there are many materials of which shear velocities are in 
this interval. Plexiglas with longitudinal velocity Ct=2650 mls and shear velocity Ct =1345 
m/s was chosen as a second medium. In the Plexiglas specimen one mm diameter side 
drillings as artificial reflectors were made. For the first medium modeling we have used 
water-alcohol blend that permitted to vary continuously sound velocity from 1200 mls to 
1500 m/s. The temperature in the experiments was maintained at 20·C with a precision of 
0.1· C. Two step motors were used to translate a probe in the plane of incidence. Focal spot 
dimension was measured on the 6 dB level of maximal signals reflected from the 
reflectors. The results for the 2.5 MHz probe, 25 mm diameter, 60 mm focal length, angle 
of fall 55· for the different depths are presented on the Figure 4. Experimental data has 
shown that, for the case of c/Ct=l, focal spot dimension remains unchanged for all depth 
even if the angle of incidence is as high as 65·. This fact shows the slight influence of the 
refraction coefficient on the focal spot geometry for the interface liquid-solid. That give 
us another interesting conclusion, which confirms that the scalar Fresnel formula can be 
used for shear wave field analysis. Criteria of good focusing, formulated in theoretical part 
become more strict. Thus generally focal spot width variation remains under 10 percent if 
sound velocities ratio C/Ct is less than 3 percent. 
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Figure 4. Focal spot values for different sound velocities in immersion experiment 
(I-reflector depth 3 mm, 2- 5 mm, 3- 11 mm). 
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Figure 5. Focused shear wave probes on-axis pressure. 
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Figure 6. Focused shear wave probes off-axis 6 dB level pressure distribution in the 
incidence plane and in the perpendicular plane. 
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For the validation of the study for the contact shear wedge probes we have been 
looking for the materials with longitudinal velocity values about 3200 m/s. We have found 
such materials around thermoreactive polymers and non silicon glasses. Focusing 5 MHz 
probes of 20 mm diameter of the piezoelement with a spherical lens for the angles of 
incidence 45° , 50° , 55° , acoustical focal length 50 mm in steel and depths of focuses up to 
15 mm were produced and experimentally studied. Measurements of sound beam width 
were produced on the steel wedge specimen with flat bottom drillings of 1.5 mm diameter. 
The experimental results for 5 MHz probes with focal distance 50 mm and angles of 
incidence 50° and 55° are presented on Figure 5 and Figure 6. 
CONCLUSION 
Theoretical and experimental results showing real possibility improving spatial 
resolution of ultrasonic shear wedge focusing probes. We have obtained for the probes 
good lateral resolution and homogeneous beam structure up to 15-25 mm depth in steel 
and for the angles of incidence as high as 5Y. 
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